A simple and rapid procedure to isolate clones carrying sequences from a specific region of the polytene chromosome of Drosophila is demonstrated. The procedure involves microdissection of the region of interest, amplification of the DNA by PCR using a primer designed to prime the synthesis nonspecifically, labeling of the amplified DNA using the random primer method, and screening of a standard library with the probe to identify and isolate clones carrying sequences homologous to the dissected region. This procedure has the potential to replace the difficult procedure of microcloning, as well as facilitate chromosome walking.
INTRODUCTION
Novel applications of the Polymerase Chain Reaction (PCR) for amplifying DNA and RNA templates (Saiki et al.,1988) are having a significant impact in molecular studies. We have adapted this technique for cloning sequences from specific regions of the Drosophila polytene chromosomes. This procedure overcomes the difficulties and limitations of the conventional procedures developed for the purpose (Pirrotta, 1986) and is simpler than the one developed by Ludecke et al., (1989) to clone defined regions of the human genome. We demonstrate the procedure by applying it to a specific region (band 2F) of the Drosophila melanogaster X chromosome.
Briefly, the procedure involves the following steps. From slides of larval polytene chromosomes, the region of interest is dissected out with a forged glass needle attached to a microinjector and micromanipulator. Regions as small as a polytene band, even a minor band, can be removed. The dissected DNA is subsequently used as a template for PCR amplification with a nonspecific primer designed to prime the sequence nonspecifically. The amplified DNA is radio-labeled and used as a probe to screen a standard Drosophila melanogaster library. Positive plaques constitute those clones carrying sequences homologous to the region from which the DNA was dissected.
MATERIALS AND METHODS

Strains and Chromosome Region
Salivary gland chromosomal squashes were prepared from a locally collected, inbred stock (DPF B) following the procedure of Pardue and Gall (1975) . The chromosomal region, 2F, was selected because of its easy identification.
Microdissection of the Region
Leitz inverted phase contrast microscope (Diavert), Leitz Micromanipulator, and Eppendorf Microinjector 5242 were used. Needles were made from sterilized, borosilicate micropipettes and were drawn using Narshige, Japan, PP-83 microforge. The tip of the needle was approximately equal to the width of the region to be dissected. The microinjector was used to transfer the dissected material and to expel the DNA into a microfuge tube. The dissected region was aligned such that the chromosome was at right angle to the needle tip. The approach angle of the needle (the angle between the needle and the surface of the slide) was approximately 45 degrees. The needle (with the vacuum pump on) was gently pushed with the help of the joy stick such that it scraped across the chromosome arm. The adhering chromosomal material was transfered to an 1.5 ml microfuge tube containing 20 fi\ of HPLC grade sterile water (water in all subsequent steps of the procedure refers to water of this type). Air was expelled and the tip of the needle was broken off and left in the tube.
Pretreatment
The tube with the dissected material was stored at room temperature for at least two hours or at four degrees overnight. Deproteinization was accomplished by addition of 1.5 /tl of 1 /tg//tl Proteinase K solution (prepared according to Maniatis et al., 1982) . The volume was increased to 30 pi by addition of 3 ii\ of Taq polymerase 10 x buffer (500 mM KCL, 100 raM Tris.HCL, pH 8.3, 20 mM MgCl 2 , 0.1% w/v gelatin, Sigma G2500) and 6.5 pi of water, and the tube was incubated at 37 degrees for one hour. Proteinase K was inactivated by heating at 70 degrees for 15 minutes. Samples not treated with Proteinase K were taken through the same procedure with water taking up the volume of the enzyme.
PCR
Deoxyribonucleotide triphosphates were purchased from Sigma and a solution containing 1.25 mM of each of the nucleotide was prepared according to Maniatis et al. (1982) . The primer used was 5'TTGCGGCCGCATTNNNNTTC3'. Complete degeneracy at positions 4, 5, 6, and 7 (from the 3' end) was introduced so that the primer would match perfectly for the first seven bases where there is a 5'GAA3' in the template DNA. This three base sequence is expected approximately every 64 bases. Three /tl of primer (6ng//tl) was added to the 30/tl solution, boiled for 5 minutes to denature the DNA, and chilled on ice for 3 minutes. To this solution was added 2 /tl of Taq polymerase 10 x buffer, 8 /tl of dNTP solution, 6.75 /tl of water, and 0.25 /tl of 2.5 U//tl Native Taq polymerase enzyme (Perkin Elmer Cetus Corp.) to make up a 50 /tl final reaction mix. This was overlaid with 100 /tl of mineral oil. The temperature cycling for the amplification was done in a thermal cycler (Ericomp, Inc.) and was as follows: 10 cycles with 95 degrees (1 minute) denaturation, 27 degrees (1 second) annealing, and 67 degrees (2 minutes) extension steps, followed by 35 cycles with 95 degrees (1 minute) denaturation, 50 degrees (1 minute) annealing, and 72 degrees (2 minutes for first 20 cycles and 3 minutes for the rest) extension steps. The less stringent cycles were performed to maximize annealing of the 3' end of the primer to short (7-10 base) sequences on the template DNA, and thereby increase the likelihood of inclusion of the whole template in the amplified final product. In principle, once the primers are incorporated into strands during this less stringent cycle, amplification can proceed under stringent conditions because the complimentary sequence to the primer would have been generated.
Ten /tl of amplification solution from the first round was subjected to a second round of amplification under conditions mentioned above but with two exceptions. The primer added was increased from about three pmole to about 10 pmole and the low stringency cycles were omitted. Five /tl of the second round amplification solution was subjected to a final third round of amplification under conditions identical to that of the second round. This sequential PCR amplification minimizes production of primer related products and consequently enhance the efficiency of amplification of template DNA. The products were visualized by electrophoresis on a 3 % agarose gel (2 % Nusieve agarose and 1 % Seakem agarose, FMC Bioproducts) and ethidium bromide staining. The yield was about 1.5 /tg of DNA per sample.
Labeling of Amplified DNA Unincorporated nucleotides in the PCR reaction solution were removed using the Centricon 30 (Amicon) microconcentrator following the manufacturer's protocol. Nick translations for in situ hybridization to polytene chromosomes were done according to Langer et al., (1981) using biotin 11-dUTP (Bethesda Research Laboratories). About 40 ng of probe was used per slide.
Radio-labeling of amplified DNA (for the purpose of screening the library), was carried out by the random primer method of Feinberg and Vogelstein (1983) . Fifty ng of amplified DNA and alpha 32 P dCTP were used in a 50 /tl reaction. Unincorporated nucleotides were removed by a 5 ml column of Sephadex G-50 (Pharmacia).
Screening of Genomic Library
The Canton S primary genomic library used in the procedure was a gift from the laboratory of Paul Bingham. SUNY, Stony Hybridization and Visualization of Signals The procedure of Montgomery et al. (1987) was followed for in situ hybridization. Signal was generated using streptavidinhorse radish peroxidase complex (ENZO biochemicals), and the slides were examined under a phase contrast light microscope.
Hybridizations for the purpose of screening the library were done using Gene Screen Plus nylon membrane (New England Nuclear). The procedure suggested by the manufacturer was followed. The formamide procedure was preferred and the signals were detected by autoradiography. Figure 1 shows one-tenth of PCR reaction solution at the end of three rounds of amplification. The DNA in the control lanes are primer related products, probably dimers and higher order concatemers formed by primers annealing to each other. It is our experience that it is very difficult to completely eliminate these primer related products without affecting the yield of chromosome related DNA. These products do not seem to interfere with any of the subsequent steps in the procedure towards isolation of clones. Further, in the presence of template DNA. many of the primer related bands either disappear or become less intense indicating that the presence of the template DNA competitively inhibits formation of these products. Three labeled PCR-amplified LambdaDm-Adh DNA products (described below) were used to probe LambdaDm-Adh DNA which was digested with three enzymes (BBamHI; C-Clal: E-EcoRJ). run on I % agarose gels and transferred to nylon membrane. C Conditions for amplification of the lambda DNA was similar to the protocol described in the Materials and Methods. A sample of the product was resolved on a 5% Nusieve agarose gel; the size range is 500-1500 bp. Three bands' or regions of the gel were cut out (I. 2. and 3). the DNA purified and ' 2 P-labeled by the random priming method (Feinberg and Vogelstein. I983).
RESULTS AND DISCUSSION
If priming of DNA synthesis were perfectly random, the expected pattern in the electrophoretic lane would be a smear of DNA fragments. However, differential amplification is evident by the banded nature of amplified DNA in lanes 3 & 4 of Figure  I . To get an idea of how well the amplified DNA represents the template DNA, we performed a Southern analysis with an lambda DNA clone. Details of the analysis and the results are presented in Figure 2 . The three 'bands' (out of about seven present in the PCR product) used in the analysis represented a maximum of about 50% of the LambdaDm-Adh template, indicating a reasonably good coverage of the template. Band I comprised of DNA from two distinct regions of the template and band 2 and 3 comprised of DNA from three distinct regions of the template. The regions, however, were not necessarily unique, implying site preference. These results suggest that the DNA in each of the bands in lanes 3 & 4 of Figure I is a heterogenous mixture of sequences from different regions of the dissected DNA template. Further, that the banded nature of the amplification products is due to only a degree of preferential, and not exclusive, amplification of the template is indicated by the smear of DNA fragments noticeable in these lanes. Most of the fragments are likely products of a more randomly primed amplification. Thus, the template is expected to be well represented in the amplified PCR product and is certainly far greater than that indicated by the sum of the sizes of visible fragments in the gel. It should be noted that other primer designs might work more efficiently than the one we have used here. An ideal primer set would be one with no redundancy, which do not prime each other, and 4*' under initial low stringency condition give a good distribution of annealing sites.
Proteinase K treated samples yielded more DNA after amplification (compare lanes 3 & 4 in Fig. 1 ). We tried 0.1% SDS in addition to Proteinase K for stripping the chromosome of proteins, but observed low yields. Treatment of slides with 2 x SSC at 70 degrees for half an hour to remove basic proteins from the chromosomes before dissection did not appear to have a significant effect on the final yield.
To be certain that we had amplified the Drosophila melanogaster DNA and not some contaminating DNA. we directly labeled the amplified DNA with biotin and in situ hybridized to the salivary gland chromosomes. Hybridization signal was detected exclusively at the dissected region (Fig. 3) .
When the amplified DNA was used as a probe to screen the genomic library, about 11 (3 intense, 4 moderately intense, 4 less intense) positives out of about 25xl0 3 plaques were obtained. The number is consistent with dissection of a single polytene band. The expected number of positives is 8, assuming no overlap and 60 kb DNA per band (since the band dissected out was intense; average per band is 30 kb, varying between 5 and 100 kb). As expected, from differential amplification, variation in the intensity of signals was observed (Fig. 4) . Surprisingly, however, there was little or no background. How adequately these positive clones cover the region dissected can only be determined by analyzing each one in detail. For the purpose of demonstration we concentrated on two clones showing intense hybridization to the probe. Restriction endonuclease analysis with seven six-cutter enzymes revealed that these are distinct clones, though overlap cannot be compleily ruled out in this approach. The DNA from these plaque purified clones, when t Figure 4 . Over night exposed, autoradiograph of a EMBL4 Canton S primary genomic library plaque lift probed with alpha <: P-labeled. amplified dissected DNA as the probe The number of plaques covered by the illustrated lift is approximately 8000. Note variation in intensity of signals and lack of background. used in in situ hybridization, showed hybridization at the region where the DNA was dissected (Fig. 5) .
This procedure has clear potential in molecular studies. Clones carrying DNA from any region of the genome can be readily isolated without resorting to microcloning or chromosome walking over long distances. Chromosome walk can be initiated at the very region of interest. Dissected DNA may also be used to isolate homologous clones in totally unrelated libraries. This procedure ma\ be useful in the genomic sequencing and stud\ of large scale structure of genomes. In situ hybridization to the polytene chromosomes with biotinylated DNA of one of the clones isolated from the genomic library using the amplified, dissected DNA as the probe. Note signal exclusively at region 2B of X chromosome, from which the DNA was dissected.
One problem that should be expected with this procedure is Molecular Biology. Elsevier, New York, USA, p.388. the possibility of inclusion of transposable elements in the segment 9 Montgomery.E.A., Charlesworth.B., and Langely.C.H. (1987) Genet. Res., to be amplified. That is certain to make the isolation of region 49,31-41. specific clones a bit more difficult. At least in species in which transposable elements are well characterized, it might require identification of the element by a quick method like the dot blot with the amplified DNA as the probe. A differential screening with the identified element would identify most of the clones from the region.
